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SUMMARY 

Investigations  have  been made in the  Langley  19-foot  pressure  tunnel 
to  determine  the  low-speed  horizontal-tail  effectiveness  and  static long- 
itudinal  characteristics of two m o d e l  configurations  having  unswept  wings 
with  aspect  ratios of 4.0 and 2.5. Each wing had a taper  ratio of 0.625 
and hexagonal  airfoil  sections  wfth  6-percent-thick  chords. The wings 
were muted on circuhr fuelages and tests  were made with  and  without 
full-span  drooped  leading  edges and part-span  inboard  trailing-edge  flaps. 

plane,  were  investigated.  Tests of both wings were made at a Mach  nrrmber 
of 0.15 corresponding  to  Reynolds  numbers of 6.2 x lo6 f o r  the aspect- 
ratio-4.0  wing  and 7.6 x 10 6 for  the  aspect-ratio-2.5 wing. The  data  of 
the  aspect-ratio-2.5 wing presented  herein  for  cmuparison with the  aspect- 
ratio-4.0  wing  are  part of a more extensive  investigation  reported in 
NACA RM L52Lllb.  

. 
Three  horizontal tail positions, two above and one below the  --chord 

Results  indicate  that  the  horizontal  tails  of  plain--  configura- 
tions  having  aspect  ratios of 2.5 and 4.0 were exerting a stabil4.zing 
influence  at all angles of attack and at all vertical-tail  positions 
tested,  except  just  belar lift with the  tail  located  1'7.7-percent 
semispan  above  the  fuselage on the aspect-ratio-2.5 wing configuration, 
in which  case  the  tail wa8 destabixzing. 

With  flaps  deflected,  the  tails  were  stabilizing  for a l l  vertical 
positions  and  at all angles of attack,  except near Oo for  the  aspect- 
ratio-2.5 wing configuration with the  tail  17.7-percent  semispan  below 
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the  fuselage  and  beyond maxFmum lift  on  the  aspect-ratio-4.0 w i n g  con- 
figuration  with  the  tail  17.7-percent semispan above  the  fuselage. 

In most instances,  the  tail  effectiveness  of  the  aspect-ratio-4.0 
wing  configuration  was  better  than  that  of  the  aspect-ratio-2.5 wing for 
corresponding  tail  positions and flap  configurations. 

INTRODUCTION 

As part  of a general  investigation of thin w e p t  low-aspect- 
ratio  wings by the  National Advisory Connnfttee  for  Aeronautics,  tests 
of a model having a wing  of  aspect  ratio 4.0 have been  conducted in the 
Langley  19-foot  pressure  tunnel  in  order  to  evaluate the low-speed  hori- 
zontal  tail  effectiveness and longitudinal  characteristics  and  to  compare 
the  characteristics  of this model  with  those  of a similar model having 
a wing of aspect  ratio 2.5. Both wings had hexago+ airfoil  sectfons 
with  6-percent-thick  chords.  Test  configurations  included a combination 
of leading- and trailing-edge  flaps  both  deflected  and  undeflected on 
the wing-body combination  with and without a horizontal  tail.  The  ratios 
of tail spans, tail lengths, and tail  heights to the  wing  span  were  held 
constant  on  the two models  for  comparison  purposes.  It should be  pointed 
out  that  results  presented  in  this  paper for the  aspect-ratio-2.5 w i n g  
were  reported  previously  in  reference 1. 

Aileron  investigations of the  two  wings  are  presented in refer- 
ences 2 and 3. 

Tests of the  aspect-ratio-4.0  configuration  were  made  at a Reynolds 
number of 6.2 x 10 6 and those  of  the  aspect-ratio-2.5  configuration  were 
made  at a Reynolds  number  of 7.6 x 10 6 . 

SYMBOLS 

The  data  are  referred to wind  axes  with  the  origin  at  the 0.25 mean 
aerodynamic  chord  projected  to  the  plane  of  symmetry. Symbols and  coef- 
f icients  are  defined  as follows : 

CD drag coefficient,  Drag/@ 

. 
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angle of attack, deg 

wing area, sq ft 

wing mean aerodynamic chord, - 2 6 "  c2dy, ft S 

wing  span, f% 

vertical  position of horizontal  tail from wing-chord 
plane  (positive up), ft 

m c  pressure, pv2/2 

local. w i n g  chord, ft 

spanwise  ordinate, ft 

density of air, slugs/cu ft 

wind velocity,  fi/sec 

Reynolds number, pVC/p 

aspect  ratio 

viscosity  of  air,  slugs/fi-sec 

horizontal  tail-effectiveness parameter 

tail  lift-curve slope 

ratio  of  effective dynamic pressure  at tail to free- 
stream dynamic pressure 

effective damwash &g 

rate  of  change of pitching-mnt coefficient w i t h  
horizontal-tail  Incidence  angle 

rate  of  change of pltchfng-mcanent  coefficient with 
horizontal-tail  incidence -le for any tail  position 
and f lap  configuration  at Oo angle of attack 
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value  of at 0' for high tail  position  with 
C"it 

flaps  off  (assumed  interference-free  conditon) 

a%/da, rate of change  of  pitching-manent  coefficient' due to 
tail  with  angle  of  attack 

tail  efficiency  factor, 
(St)O/(%.)a 

it angle  of  incidence of horizontal  tail  measured  with 
respect  to  wing-chord  plane,  positive when trailing 
edge  moves dam, deg 

2 horizontal-tail  length,  distance in wing-chord plane 
from  quarter-chord  point of wing mean aerodynamic 
chord  to  quarter-chord  point of horizonta,l-*il 
mean aerodynamic  chord, ft 

6f 

En angle  of  deflection of drooped-nose flaps, &g 

angle  of  deflection of plain trailing-edge  flaps, deg 

dE/da rate of change  of  effective damwash angle with 
angle of attack 

A angle of sweep 

Subscripts  and  abbrevLations: 

t horizontal  tail 

0 value  at 0' angle of attack  (flaps  neutral) 

¶ 

. .. 

e effective 
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MODEL 

5 

Details of the wings, fuselages,  and  horizontal  tails  are  shown in 
figure 1. Both  wings  were  constructed of solid  steel  and  had  taper  ratios 
of 0.625, synrmetrical  hexagonal  airfoil  sections  of  6-percent-thickness 
chord  that  were pmallel to the  plane of symmetry,  and Oo sweep of the 
50-percent-chord  line.  The  leading-  and  trailing-edge angles were 11.42' 
and the  upper  and  lower  surfaces  of  each  airfoil  surface  were  parallel 
between 0.30~ and 0.70~ for  both wings. The aspect-ratio-4.0 wing tips 
were  round  and  had an elliptical cross section  and  the  aspect-ratio-2.5 
wing  tips had a wedge-shaped  cross  section. The leading  edge of each 
wing  could  be  drooped  at  the  0.15-chord  line  from the wing-fuselage 
juncture  to  spanwise  station 0.93/2. Likewise, the trail€ng  edge of 
each w i n g  could  be  def1ecte.d  about  the  0.75-chord line from the wing- 
fuselage  juncture  to  station 0.95b/2. Each  trailing-edge  flap  was 
divided  at the O.55b/2  spanwise  station on both  the  aspect-ratio-4.0 
wing and the  aspect-ratio-2.5 wbg. 

Both  wings  were  tested  with  and  without a cylindrical mahogany 
fuselage  mounted  at  the  midfuselage  position  at Oo incidence.  The fine- 
ness  ratio  was 1O:l for  the  fuselage  of  the  aspect-ratio-4.0 rjing and 
8:1 for the  fuselage  of  the  aspect-ratio-2.5 wing. The  fuselages  were 
attached  to  the  two wings in such a.  manner  that  the  ratio - of 

1.660 for  the  aspect-ratio-4.0 wing was approximately equal to 'that of 
the  aspect-ratio-2.5 wing (1.628).  SO, the spans of the tails were  such 
that  the  values  of  the  ratio  bt/bK  of 0.499 were quai for  the two 
configurations.  The  horizontal  tail of both  configurations  employed 
MCA 0012 airfoil  sections with 0' sweep of the  50-percent-chord line. 
The tail of  the  aspect-ratio-4 .O wing had an aspect  ratio  of 4.18, a 
taper  ratio  of 0.525, and a ratio of tail area  to  wing area of 0.238; 
whereas  the  tail  of  the  aspect-ratio-2.5 wing had an aspect  ratio of 3.12, 
a taper  ratio of 0.625, and a ratio  of  tail  area  to w i n g  area  of 0.20. 
The tail  was  attached  to  the  fuselage  by r e m s  of a strut  and  could  be 
located  vertically  at  either 0.40l+/2 or O.l7&/2 above or O.l7%/2 

below  the  wing-chord  plane  extended for both  the  aspect-ratio-4.0  and 
aspect-ratio-2.5  configurations. The incidence of either  tail  measured 
with  respect  to  the  wing-chord  plane  could be varied  through an angle 
range frm 6O to -6O in increments of 2O. 

i 
w 2  

0 

A two-support  system w a s  used i n  testing  the  plain  wings and a 
v three-support  system  (shown in fig. 2) was  employed  for all tests  with 

a f-melage. 
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Tests  were  condu;cted in the  Langley  19-foot  pressure  tunnel  with I 

the  tunnel  air  compressed  to 33 lb/sq In. abs.  For the aspect-ratio-4.0 
wing configuration, dl tests  were  conducted  at a Reynolds number ". . 

of 6.2 x 106 and a corresponding  Mach  number  of 0.15; tests of the sspect- 
ratio-2.5  configuration  were made at a Reynolds  number  of 7.6 x 10 6 and 
a corresponding  Mach  number of 0.15. The  configurations  tested  were  the 
plain  wings  with  and  without a fuselage  (fig. 3) and the  wing-fuselage 
cmbinations  with  full-span  leading-edge  flaps  deflected Po and inboard 
part-span  plain  trailing-edge flaps deflected 50' (fig. 4). The  flap- 
deflection  angles  used  for  comparison (% = Y O ;  sf = 50") are  considered 
among the most  favorable tes ted  for a wing of similar plan  form  and  air- 
foil  section  (ref. 4). The effects of a horizontal  tail  at  various 
vertical  stations  were  investigated  for  the  wing-fuselage  configuration 
of  both  wings  KLth  and  without  flaps  deflected.  Lift, drag, and pitching- 
mament  measurements  were  obtained  through an angle-of-attack  range  from 
-4' to 24'. 

Lift  characteristics  of  the two horizontaL  tails  tested alone are 
presented  in  figure 5. The tail of  the  aspect-ratio-2.5 wing was tested 
at  Reynolds  numbers  of 3 .O x lo6 and 2.3 x 10 , correspondfng  to Ve,lueS 

Of 7.6 X lo6 and 5.7 X lo6 based  on  the wing E (ref. 1). The  tail of 
the  aspect-ratio-4.0  wing  was  tested  at R e y n o l d s  nmbers of 2.8 x 10 6 
and 1.0 X 10 , corresponding  to vdues of 6.2 X 10 and 2.1 x 10 based 

6 

6 6 6 
on  the uing E .  The lift-curve  slope  of  the  tail  used  with  the 

aspect-ratio-2.5  wing  was  constant  to  approximately 23O for  both  Reynolds 
numbers,  and  the  value  of CL for  the  tail  used  with  the  aspect- 

ratio-4.0  wing was constant  to  approximately 16O for  both  values of 
Reynolds  number  tested. 

CLt 

Studies of the flow over the  upper  surface of the two wings were 
made at  various  an@;les of attack  with  and  without  leading- and trailing- 
edge  flaps  deflected  by  observing  the  action  of  wool  tufts  attached  to 
the wing upper  surfaces  at  variouB  .chordyise  and  spanwise  positions. 
These  tests  were  made  with a fuselage  attached,  except  for  the-  aspect- 
ratio-2.5  wing  canfiguration  with  flaps  undeflected.  Sketches  based  on 
these  observations  are  presented  in  figure 6 .  Flow studies  were  also 
made by  observing  the  action  of a mixture of kerosene and lampblack  in 
the  stalled  region of the  aspect-ratio-4.0  wing-body  combination  with 
and  without f laps  deflected.  The  procedure employed was to allow the 
mixture  of  lampblack and kerosene to flow  onto  the  wing  through a tube c 
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at  the  end  of a strut-mounted  probe.  With t h i s  probe  it was possible  to 

can be seen in figure 7. 
. release  the  mixture  at any spanwise  or  chordwise  position  desired,  as 

CORRECTIONS TO DATA 

The  lift,  drag,  and  pitching-mment  coefficients have been  corrected 
for  support  tare  and  interference  effects, and the angle of attack has 
been  corrected  for  airstream  misdinenent  and  jet-boundary  effects.  Jet- 
boundary  corrections  were Ellso applied to  the  drag  coefficients and 
pitching-moment  coefficients  with  tail on, but  were  considered  negligible 
for  tsil-off  pitching-moment  coefficients  and  were  not  applied. The 
Jet-boundary  corrections  were  calculated by the  method  of  reference 5.  

REDUCTION OF DATA 

Effective Damwash and  Dynamic  Pressure 

For  both  aspect-ratio-4.0  and  aspect-ratio-2.5 wing configurxbions, 
the  values  of 
data  for  three  or  more  incidence  angles  at  each tail height  investigated. 

and (9t/q). 
were obtained from  the  pitching-mament 

Since  the  isolated  tail  tests  indicated C L..t to  be  constant  to high 

d u e s  of %, the  methods  of  determining and (qtD), were  simpli- 
fiea  to 

Ee = a + it - %  

where 

The  values  of  effective  dynamic-pressure  ratio (%/9e at the  tail  were 
determined by computing  the  ratio of the values of  obtained 

. 
- 
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through  the  angle-of-attack  ranges  of  the  various  configurations  to  the 
values of for  the  cort@arable  tail  height  of  the  flap-neutral  con- 

figuration  at  zero  lift. 
C"it 

Tail  Efficiency  Factor 

The  lift-curve  slope  of  the  horizontal.  tail may be  altered  because 
of  the  interference  effects  of  the  wing-fuselage  combination, and a tail 
effeciency  factor q has been  used  to  represent  the  effective  change 
in CL . The values of q were  calculated  on  the  assumption  that  the 

tail  located  at z = 0.4oOb/2  was 100 percent  efficient  since  the dis- 
tance  from  the  fuselage  was  large  and the interference  effects of the 

obtained  from  the  relation C, for  each  tail  position and con- 

CLt 
- -" . .  . .  -. 

tail  support  were  considered  to The values  of q were 

figuration.  The  following  table  presents values of ?mi. and 

culated  for  configurations  with  flaps  in a neutral  position: 

." 

q Cal- 

Aspect-ratio-4.0 
configurations  configurations 
Aspect-ratio-2.5 

Tail 
height c 

% 0 ""it 0 
7 

0.400b/2 1 .ooo -0.0202 1 .om -0.0472 

. lTTb/2 

-94 - .01go 91 - .0430 - 9 177b/2 

94 - .018g .94 - -0442 

Tail  Effectiveness  Parameter 

A tail  effectiveness  parameter T w h i c h  combines  the  effects of 
both  the  dynamic-pressure  variations and the  downwash  angle on the 
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stability  contribution  of  the  horizontal  tail  is  derived fn reference 6 
and is defined  as 

Negative values of T indicate  that  the  tail  is  contributing  Sta- 
bility  to  the  model  configuration.  Examination of the  aforementioned 
equation  indicates that, when  the  tail  is  out  of  the wake and a - 
approaches  zero,  values of T are  independent  of ta i l  load and are, 
consequently,  independent  of  trim  condition and the  center-of-gravity 
location  of  the  model.  For angles of  attack  where the tail  enters  the 

wake,  however,  finite  values  of a (:)./a, - are  obtained and the  values 

of T are  dependent  on  the  tail  laad.  The  values  of T presented 

(gSt)ep 

herein  are  applicable to the model when trbmed with 
at O.25.E and  were  calculated  from  the  relationship 

the  center  of  gravlty 

after c[.t had  been  determined  to  provide  trim  at  each  angle of attack. 

RESULTS 

Comparisons  of  lift, drag, and  pitching-mament  coefficients of the 
aspect-ratio-4.0 wing with those  of  the  aspect-ratio-2.5 wing are pre- 
sented  in  figures 3 and 4. Data  from  tests  of  the  isolated  horizontal 
tail  are  presented in figure 5. Figure 6 shows stall patterns  as deter- 
mined  by  tuft  studies  of  both wings & figure 7 show6  results of lamp- 
black  and  kerosene  studies on the  aspect-ratio-4.0  wing. The effects of 

a horizontal  tail on Cm, E=, and (q&) e are indicated f o r  both wings 

with  flaps  neutral and deflected in figures 8 and 9, respectively,  for 
various  representative  tail  heights  at  nearly  constant  incidence angles. 
Figure 10 presents a sumnary plot  canparison of the  tail-effectiveness 
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values of the  aspect-ratio-4.0  configurations  with  those  of  the  aspect- 
ratio-2.5  configurations  at  various  tail  heights. 

On  both  the  aspect-ratio-4.0  and  aspect-ratio-2.5  wings  having 
flaps  undeflected,  the flaw separated  along  the  leading  edges  of  the 
inboard  sections  at low angles  of  attack  and  reattached'at  about  the 
15-percent-chord  line  (fig. 6). With  increase  in  angle of. attack,  the 
leading-edge  separation  spread  toward  the wing tips  and  then  did  not 
reattach 88 the  angle  approached that for maximum lift.  Accorqpanying 
rearward  shifts  in  center of pressure  are  Indicated  by  the  pitching- 
moment  curves  of  figure 3. AB the angle of  attack  was  increased  further, 
the  separated  flow  region  moved  outboard  until  it  engulfed.the  entire 
wing.  The  marked  change  in  the  area of separated  fiaw  on  both  plain- 
wing  configurations  at  moderate  angles of attack  is  characteristic of 
wings having unswept, sharp leading  edges  and law ratios of thickness 
to  chord  (ref. 7). " 

The  addition of leading-  and  trailing-edge  flaps  delayed  the  onset 
of  separation to larger  angles  of  attack  for  both  the  &spect-ratio-2.5 
and  aspect-ratio-4.0  configurations  and  increased  the maximum lift  coef- 
ficient  about 0.6 in -both  instances.  The  flaps  also  confined  the initid 
stall along the.  entire  chord  of  the  wing to the  inboard  sections and the 
Stall  Progression  tarard  the wing tips  was  more  gradual  with  increase in 
angle  of  attack than on the  plain-wing  configurations. 

. .. . . 

Figure 7 gives an indication of the  direction of flowat the sur- 
face  of  the  aspect-ratio-4.0  wing-fuselage  combination in the region 
beyond maximum lift  with  flaps  both  undeflected and deflected. 

Figure 10 indicates  that  the  horizontal tail of the  plain-wing 
aspect-ratio-4.0  configuration  was  contributing  more  stability than that 
of  the  aspect-ratio-2.5  configuration  for  all  tail  positions  tested  to 
maXimum lift. The stabilizing  effect of the high tail  position 

on the  aspect-ratio-2.5  plain-wing  configuration  was small at  angles of 
attack  near maximum lift,  and  the  tail  located  just  above  the  fuselage 

($5 = O * b )  

(* = 0.1n) was destabilizing  at  angles  just  below maximum lift; Ot&&se, 

the  tails  of  both  plain-wing  configurations  were  exerting a stabilizing 
influence  at all tail  positions  and  angles of attack  tested. 

When leading-  and  trailing-edge  flaps  were  deflected, all horizontal- 
tail  positions  of  the  aspect-ratio-4.0 wing configuration  were  contributing 
more  stability  than  the  corresponafng  tail  positions  of  the  aspect-ratio- * 
2.5 wing  configuration  for  most  angles of attack to maxFmum lift.  The 
exceptions  were  at  angles of attack  near maximum lift  with  the tail just 

" 
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above  the  fuselage (b& = 0.177), where  the  tail of the  aspect-ratio-4.0 wing 

began  to  be  destabilizing;  and at angles of attack  just below maximum lift 
with  the  tail below the  f'uelage (bz2 

values  seemed  to  be  about  the sazue for  both  configurations.  With flaps 
deflected,  the  tail  of  the  aspect-ratio-2.5 w i n g  configuration  located 
just  below  the  fuselage (& = -0.177) w a s  slightly destabilizing  at  angles 

near 0'. The tail effectiveness of the  aspect-ratio-4.0 model was  better 
than  that  of  the  aspect-ratio-2.5  model  for  most of the conditions  tested, 
primarily  because  the values of dc,/da were , in general,  smaller 
throughout  the  angle-of-attack range for  the  aspect-ratio-4.0  configura- 

7 = -0*177) 
, where the effectiveness 

' tions  (figs.  8(b)  and  g(b)) Bs was expected. The variations  of (w4) e 
were  generally in agreement  for  the two unfhpped wings; however, w i t h  
flaps  deflected,  the (q,/q), values of the  aspect-ratio-4.0 wing were 
generally higher. Both  lower values of dc:,/da and higher values 

of  tend  to  make  the  horizontal  tail for the  aspect-ratio-4.0  wing 
configuration  more  stabilizing. 

CONCLUSIONS 

A comparison was made  of  the  low-speed  longitudind  characteristics 
of two unswept wLngs of  hexagonal  airfofl  sections  having  aspect  ratios 
of 2.5 and 4.0 with  fuselage  and  wlth  horizontal tail located  at  various 
verticd positions. The following conclusions  are  presented: 

1. The horizontal  tails of the  plain-wing  configurations  exerted 
a stabilizing  influence at a l l  angles  of  attack and at a l l  vertical-tail 
positions  tested,  except  just below maxFTmun lift  with  the  tail  located 
17.7-percent  semispan  above the fuselage on the  aspect-ratio-2.3 wing 
configuration, in which  case  the  tail w a s  destabillzing. 

2. With  flaps  deflected,  the  tails  were  stabilizing  for all verti- 
cal  positions  and  at all eagles of attack  except near Oo for  the  aspect- 
ratio-2.5  wing  configuration  with the tail  l'j"7-percent semispan below 
the  fuselage  and  beyond maximum lift on the  aspect-ratio-4.0 Wing Con- 
figuration  with  the  tail  17.7-percent  semispan  above  the fuselage. 

. 
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3 .  In most  instances,  the  tail  effectiveness  of  the  aspect-ratio- 
4.0 wing  configuration  was  better than that of the  aspect-ratio-2.5 wing 
for  corresponding  tail  positions and flap configurations. 

ci 

" 

..  . 

.. . 
Langley  Aeronautical  Laboratory, 

National  Advisory  Conrmittee  for  Aeronautics, 
Langley  Field,  Va.,  August 13, 1953. 
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Double-wedge  wing Horizontal tai/ 

AsDect ratio 4.0 
Area 4032.0 sg in. 

Airfoil section NACA 0012 
Aspect ratio 

Taper ratio 0.625 Area 96l.5 SQ in 
Tlrickness 0.06~ Tacoar ratio 
Mean  aemdynamic  chord 3P.32 in. 
Spon 

4 /8 

0.5P5 
63.49 in. Span 

l27.00 i n .  Mean ae&ynamic dmrd /5./8 in. 
d%f 3.36* 

(a) Aspect ratio,  4.0. 

Figure 1.- Details of the wings, fuselages, and horizontal tails. All 
dimensions we i n  inches  unless o t h m s e  noted. 
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Drooped-nose f l a p  Plain rlap 
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(b) Aspect ratio, 2.5. 

Figure 1 .- Concluded. 
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L-75706 
Figure 2.- Front view of wing-fuselage horizontal-tail configuration  Kith 

leading- and traKlAng-edge flaps deflected. Three-swqmrt system 
installation. Aepect ratio, 4.0. 
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(a) variation of lFft coefficient with angle of attack and 
pitching-mament  coefficient. 

Figure 3.- Effect of fuselage on lift, drag, and pitching-mqent characteristics 
of Plain  King havW aspect ratios of 4.0 and 2.5. 
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(b) Variation o f  l i f t  coefficient with drag coefficient. 

Figure 3 .- ConcluBed. 
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.(a) Variation of u9t coefficient  with  angle of attack and 
pitching-mament  coefficient. 

Figure 4.- Comparl~oa~ of lift, drag, md pitching-maanent  characteristics 
of the  aspect-ratio-4.0  wing-fuselage  ccanbiaation with that of the 
aspect-ratio-2.5 wing-fuselage combination. Leading- and t r~ing-  
edge flaps are deflected. 
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(b) Variation o f  lift coefficient vith drag coefficient. 
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Figure 4 .- Concluded. 
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Figure 5.- Variation of l i f t  caefficient with angle of attack of the 2 
two horizontal ta l la .  r 8 
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(a) Aspect ratio, 4 '.O. 

21 

Figure 6.- S t a l l  patterns of aspect-ratio-4.0 and aspect-ratio-2.5 wings 
with and without leading- and trailing-edge f laps  deflected. 

L 
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(b) Aspect ratio, 2.5. 

Figure 6.- Concluded. 



(a) Plain-wing-fuselage configuration. a = 14.6O. 



24 - NACA FM L53Hl4-a 

L-77583 .I 
(b) The 0.79b/2 leading-edge flap and 0.39b/2 trafling-edge flap deflected - 

on ang- fuee lage  configuration. a = 18.1O. 

Figure 7.- Concluded. - 
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(a)  Variation of pitching-moment coefficient with angle of attack. 

Figure 8.- Ccanparisons of C, E ~ ,  and (qt/s)e at  various 'tail heigl 
f o r  the aspect-ratio-4 .O w i n g  and the  aspect-ratio-2.5 wing. Pla in  
w i n g ;  fuselage on. 



(b) Variation of downwash and dynamic-pressure r a t i o  with angle of attack. 

Figure 8.- Concluded. 
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(a) Variation of  pitchfng-moanent coefficient with angle of attack. 

- Figure 9 .- Comparisons of C& E ~ ,  and (qt/q) e at various tail heights 
for  the  aspect-ratio-4.0 wing and the aspect-ratio-2.5 w i n g .  Leading- 
and  trailing-edge  flaps  deflected,  fuselage on. 
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(b) Variation of downwash and dynamic-pressure r a t i o  w i t h  angle of attack. 

F i w e  9.- Concluded. 
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(a) Flaps undeflected. 
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(b) Leading- and trailing-edge flaps deflected. 

Figure 10.- Comparison of tail effectiveness parameter at mious vertical- - tail positions for the  aspect-ratio-2.3 wlng and  aspect-ratio-4.0 wing. 
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